Abstract-The challenges to realizing III-nitride photonic integrated circuit (PIC) are discussed. Utilizing InGaN-based multi-section laser diode (LD) on semipolar GaN substrate, the seamless on-chip integration of III-nitride waveguide photodetector (WPD) in the visible regime has been demonstrated.
. Recently, III-nitride laser diodes (LDs) have shown advantages as a viable high-power light source for a number of important applications, such as smart lighting, optical storage, free-space visible light communication, underwater wireless optical communication, and internet of things [1, [7] [8] [9] . Currently, those functionalities have been demonstrated based on discrete devices, such as InGaN-based LDs, transverse-transmission modulators, and photodetectors [2, 3, 8, 9] . Though the on-chip integration of photonic devices in telecommunication wavelength has been demonstrated based on GaAs and InP material systems [10] , such integrated photonic platform has not been realized in visible regime. The major challenge to achieving III-nitride photonic integrated circuit (PIC) utilizing conventional techniques is the large separation between the absorption and emission peak, i.e. the Stokes shift, in conventional c-plane orientated InGaN/GaN QWs. The simulation and experimental results reveal a large Stokes shift, originating from the large polarization field presented in QWs grown on polar, c-plane GaN or sapphire substrates. We furthermore propose, design, and demonstrate the integration of III-nitride photonic components based on the semipolar multisection LDs at ~ 405 nm. Benefiting from a significantly reduced polarization field, such photonic integration based on GaN material system can be achieved. For example, we demonstrated the integration of light-generation and modulation functionalities achieved by employing a small foot-print, low material polarization field integrated waveguide modulatorlaser diode (IWM-LD) [11] . configuration, fabricated seamlessly on semipolar GaN substrate. Utilizing an integrated absorber, a high optical power, droop-free, blue-emitting superluminescent diode (SLD) was demonstrated as a unique light-emitting component [12] . The fabrication and characterization of the high-performance waveguide photodetector (WPD) integrated with an LD sharing the single InGaN/GaN quantum well active region is presented [13] . The WPD shows a large 3-dB modulation bandwidth of 230 MHz. The integrated device, being used for power monitoring and onchip communication, offers the advantages of small-footprint, high-speed, and low power consumption. The findings are significant in paving the way towards the eventual realization of III-nitride on-chip photonic system.
